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ABSTRACT

A model is developed which uses the seed
tree as a pollen sampler and attempts to parti-
tion the pollen it receives into self pollen,
pollen from immediately surrounding neighbors,
pollen from slightly more distant neighbors,
and background pollen. An example, using data
from several sources, is introduced to illus-
trate the use of the model.

KEYWORDS: Pollen dissemination,
seed orchards, Douglas-fir.

REST SERVICE - U.S. DEPARTMENT OF AGRICULTURE - PORTLAND,OREGON



\

INTRODUCTION

Discovery of two Douglas-fir

trees with an albino single-gene

marker at the same chromosomal
locus has provided a means to sam-
ple distribution patterns of pollen

in Northwest seed orchards. The

method involves grafting scions of

the trees into the orchards in pat-

terns permitting detection of their

cross pollination at various dis-

tances and relating this to total seed

yield of the sample tree. To utilize

this possibility requires development

of both the layout patterns of such

grafts in an orchard and a mathemat-
ical model that would interpret re-

sults in terms of the most important

questions from such sampling. A
mathematical model developed for

the simplest assumptions that appear

to partition total pollen into these

classes is presented in this paper.

Source of pollen falling onto fe-

male strobili of trees may be arbi-

trarily divided into four categories:

(1) that coming from the tree itself,

(2) that coming from the immediate

neighboring trees or trees within

about 50 feet, (3) that from trees 50

to several hundred feet away, and (4)

that from further away, or what will

be called here "background pollen. "

In the seed orchard, the last three

categories may be thought of as

"near-neighbor, " "other-orchard, "

and "nonorchard" pollens.

The movement of objects which

are wind dispersed in nature has

usually been reported in the form

of frequency-distance curves pro-

ceeding away from the source of

the object (Colwell 1951, Silen

1962, Strand 1957, Wang, Perry,

and Johnson 1960, and Wright 1952

for conifer pollen; Bateman 1947a

and 1947b, Hodgson 1949, and

Meinders and Jones 1950 for agri-

cultural crop pollen; and Dahms
1963, Fowells and Schubert 1956,

Roe 1967, Shearer 1960, and Yocom
1968 for coniferous seeds of various

sizes). Almost always the curves

associated with the deposition

of wind-distributed objects have

been curvilinear and show the great

majority of the objects to be depos-

ited near the source. In the case

of pollen, this has led to the calcu-

lation of mostly small- to moderate-

sized neighborhoods!/ (Wang, Perry,

and Johnson 1960, Wright 1962) or

to the conclusion that most pollina-

tion is by near neighbors (Colwell

1951, Ehrlich and Raven 1969,

Langner 1953, and Strand 1957).

On the other hand, there have

also been observations that much
pollen goes up rather than down,

that this pollen ("background pol-

len") may travel long distances

before it is deposited, and that it

—/ Neighborhood refers to a group of

trees. Small- to moderate- sized indicates

a group of 10 to 300 trees, which at most

orchard spacings would include trees in

categories (2) immediate neighboring trees,

and (3) trees 50 to several hundred feet

away.
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may contribute considerably to local

pollen loads (Koski 1970, Sarvas

1967, Silen 1962, and Squillace

1967). Silen (1962) rationalized the

two viewpoints by showing his dis-

tribution curve partitioned into a

curvilinear portion from the sampled

tree plus a highly uniform count of

pollen from distant sources.

Part of this conflict in observa-

tion or interpretation may be due to

different pollen sampling methods;

part may be due to real differences

in pollen dispersal under varied

stand conditions. It is also thought

that part of the difficulty may be a

tendency to view pollen dispersal in

terms of its distribution away from
a source. Pollen sampling, by its

very nature, emphasizes this view

of the distribution pattern. In this

note attention is focused on the pol-

len receptor (rather than on the pol-

len source) and on distribution to-

ward the receptor (rather than away
from the source). A model has been

developed which treats the seed

tree as a pollen sampler and then

attempts to apportion the pollen

catch among the various sources of

the pollen. An example based on

the model is also presented, and

some of the assumptions associated

with the example are discussed.

MODEL AND EXAMPLE

The model, which relates direct-

ly to pollen-frequency curves of the

type cited above, is described in

table 1 where it is applied to a

seed orchard situation. In a general

way, it could also be applied to

natural stands, but their irregular-

ity of spacing and age makes them
harder to analyze than seed orchards.

Assumptions associated with the

model are given and discussed in

table 2.

Although the model is simple in

concept, because of the array of

symbols it is rather difficult to de-

cipher. Readers who are not inter-

ested in the fine points of pollen

dispersion may wish to omit table 1

and go directly to the example

(table 3).

Table 3 is meant to be as repre-

sentative as possible of a Douglas-

fir orchard of seed-producing age.

Estimates of the relative amount

of pollen contributed by the sample

tree itself and the first nine ranksM/

of trees surrounding it (table 3)

were read from a plot of the data

given in table 1 of Wang, Perry,

and Johnson (1960) for slash pine.iy

—' See footnote 1, table 1.

3/ The pollen dispersal curve for slash
pine was used because it was based on a

tree of producing seed orchard size grow-

ing within its natural range. This is not

meant to imply that Douglas-fir pollen and

slash pine pollen would have the same dis-

persal properties. However, among the

pollen dispersal curves given in the liter-

ature, this one seemed to be the most
suitable because of tree size and because

the tree was growing within the species

range. The available pollen curves for

Douglas-fir were either from much larger

trees (which had, however, pollen dispers-

al curves of the same form as the curve

for slash pine) or from trees growing out-

side the natural range.
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Table 2.

—

Assumptions for model in table 1

1. Sample tree is in an evenly spaced orchard.

2. All trees in each rank!/ of trees are assumed to be equidistant from the

sample tree. The distance used is the average distance between that

rank and the sample tree.

3. If only pollen release is considered and the effect of distance is neglected,

the pollen which the sample tree receives from itself (self pollen) is

assumed equal to the pollen received from all trees within any one rank.

The reason for this can be seen if one assumes rings of trees surrounding

a sample, or target, tree with all trees of equal size and crowns touching.

Then, assume the pollen travels in straight horizontal lines. At any one

time the pollen that is released from the ring and travels toward the tar-

get comes from the equivalent of a single tree, no matter how large the

ring. At the same time, and no matter what the direction of the wind, the

sample tree will be contributing pollen to itself. In other words, it par-

ticipates with all surrounding trees.

4. A portion of the pollen coming from second and subsequent ranks of trees

surrounding the sample tree is sequentially intercepted or filtered out by

intervening ranks. When a row of trees is standing between the pollen

tree and the sample tree, it is going to capture or cause the loss of some
of the pollen which is moving from more distant trees to the sample tree.

In the model it is assumed that the same proportion of the incoming pollen

is intercepted or otherwise diverted by each intervening row of trees.

5. The same proportion of trees in each rank produces pollen.

6. Producing trees yield pollen in equal quantities.

7. Time curves for pollen release are the same for all trees inside and out-

side the orchard.

8. Female flower receptivity and pollen shed are synchronous.

9. All pollen except self pollen is equally effective in producing seedlings.

(The role of self pollen will be noted again in the discussion.

)

— See footnote 1, table 1.
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Level of background pollen was

estimated from figures 6 and 7 in

Silen (1962). A seed orchard spacing

of 25 feet was used in the example.

Trees in the first two surrounding

ranks were considered to be near-

neighbors.

Table 3 estimates the relative

contribution of various pollen

sources when self pollen is included

or excluded, hi the case of Douglas-

fir, which usually has a low self

fertility (Sorensen 1971), the self

pollen will probably not sire more
than 5 to 10 percent of the viable

seeds.—/ Consequently, the best

picture of seedling parentage

should be obtained from the column

where self pollen is omitted. In

this hypothetical example, approxi-

mately 65 percent of the seeds were
sired by pollen from the first two

surrounding ranks of trees (near-

neighbors), about 5 percent by other

trees in the orchard, and about 30

percent by the background pollen.

DISCUSSION

The main purpose of the model
is to provide a basis for numerically

relating the contribution of various

pollen sources. Because the fre-

quency-distance curves are almost

always characterized by high pollen

frequency near the source and a

rapid decrease in frequency with

distance, the model offers the addi-

tional advantage of being moderately

— Frank C. Sorensen. Natural selfing

in coastal Douglas-fir. In preparation.

stable, even when the other assump-
tions are altered considerably. Per-
haps this can best be seen by making
changes in some assumptions and

examining the effect on the example.

1. Form of the frequency-dis-

tance curve can differ from that

used without greatly changing the

proportion of pollen received from
the various sources provideo that,

in all cases, there is a rapid de-

crease in pollen frequency with dis-

tance. For example, Wright's

(1952) plot of the pollen dispersal

curve for young Douglas-fir growing

outside the natural range of the

species was linear and showed no

pollen capture beyond 150 feet.

Using Wright's curve, Silen' s (1962)

estimate of background pollen, and

the other assumptions in table 2, the

pollen contribution (omitting self

pollen) of the first two ranks was
75 percent, of the next seven ranks

10 percent, and of the other ranks

(background) 15 percent. The
example in table 3 which gave pollen

contributions of 65 percent, 5 per-

cent, and 30 percent was based on

a dispersal curve which was strong-

ly curvilinear and included pollen

capture up to 250 feet.

2. Silen (1962) estimated back-

ground pollen for Douglas-fir in a

large open area to be about 25 per-

cent of that received by the sampling

station at the peak of the frequency-

distance curve. In the present ex-

ample, a background-pollen density

of 25 percent of the self-pollen den-

sity was used. Omitting self pollen,

this gave estimates of orchard and

7



nonorchard pollen of 70 percent and

30 percent, respectively. If a back-

ground-pollen density of 5 percent of

self-pollen density is used and other

assumptions left unchanged, the pro-

portions of orchard and nonorchard

pollen would be about 95 percent and

5 percent, respectively. If a back-

ground-pollen density of 50 percent

of self-pollen density is used, or-

chard and nonorchard proportions

would be, respectively, about 60

percent and 40 percent. If incidence

of background pollen and self pollen

is assumed to be equal, the percent-

ages of orchard and nonorchard pol-

len which a seed orchard tree re-

ceived would be 40 and 60 percent,

respectively.

3. In assumption 3, table 2, it

was proposed that if the effect of

distance is neglected, the sample

tree receives as much pollen from
itself as it does from all the trees in

any one surrounding rank. However,

it might also be assumed that the

delivery system for self pollen is

less efficient because some of the

self pollen is blown directly out of

the crown without opportunity to con-

tact female strobili, whereas pollen

coming from a neighboring tree will

have the opportunity to pass through

the entire crown of the sample tree.

If self-pollen frequency in table 3 is

reduced by half and other pollen fre-

quencies are not changed, the contri-

bution of self pollen would be reduced

from about 55 percent to 35 percent.

If self pollen is omitted, the propor-

tions of near-neighbor, other-orchard,

and nonorchard pollens would remain

unchanged.

4. Intervening rows of trees

between the sample tree and the trees

from which it is receiving pollen are

assumed to intercept or cause the

settling-out of half of the incoming

pollen (assumption 4, table 2).

Changes in this fraction have their

greatest effect on the proportions of

near-neighbor and other-orchard

pollen. Relative proportions of or-

chard and nonorchard pollen are

affected to a lesser extent. For ex-

ample, if three-fourths of the in-

coming pollen were intercepted per

intervening row, then the estimates

would be 55 percent selfing or, with

selfing excluded, about 70 percent

near-neighbor, less than 1 percent

other-orchard, and about 30 percent

nonorchard. If only one-fourth of

the incoming pollen were intercepted

per intervening row, selfing would
be estimated at 50 percent, near-

neighbor, other-orchard, and non-

orchard estimates (excluding selfing)

would be about 60, 25, and 15 percent,

respectively.

Other factors which may affect the

accuracy of the example are indicated

in assumptions 5 through 9 (table 2).

They include flowering time (do flower

receptivity and pollen release coin-

cide on the sample tree, between the

seed tree and other-orchard trees,

and between orchard trees and trees

in the surrounding stands?), relative

proportions of orchard and nonorchard

trees which are flowering, and possi-

ble deposition of massed pollen clouds

(Lanner 1966). These influences may
vary greatly from area to area and

some of them from year to year, so

it is probably not necessary to

8



consider them in this general

situation. However, any of these

factors which can be estimated can

be fitted into the model.

Tree size and proportion of space

occupied by tree crowns will also

have to be considered if the model is

used to coordinate and interpret re-

sults of pollen sampling. Both pol-

len production and pollen interception

will be affected by crown size and

density. For the present, it can only

be assumed that the proportion of or-

chard pollen will increase rapidly

after the orchard comes into produc-

tion.

Selfing has been considered at

the two extremes in tables 1 and 3:

first, with self pollen fully as effec-

tive as cross pollen in producing

viable seeds, and second, with the

sample tree being self- sterile. The

actual situation will usually be be-

tween these extremes.

In the example, the sample tree

has been treated as receiving pollen

equally from all sides. However,

pollen movement may be predomi-

nantly in one direction (Dyson and

Freeman 1968). In this case, the

sample tree should receive pollen

from a smaller number of the sur-

rounding trees, but the relative pro-

portions of self, near-neighbor,

other-orchard, and nonorchard pol-

lens should remain about the same
as when wind movement is variable.

The example and discussion have

centered on the model in relation to

a seed orchard situation. This was

due to the relevance of pollen dis-

persal to the management of seed

orchards, in which pollen contamina-

tion is a serious question, and be-

cause the uniformity of a seed or-

chard plantation made the presenta-

tion of the model and example easier.

In natural stands there will be more
variability in factors such as dis-

tance between ranks of trees and

number of trees per rank. But if

reasonable averages can be obtained

for each of these factors, it appears

that the model could be employed
satisfactorily to partition pollen

sources for trees in a variety of

natural situations.

CONCLUSION

The pollen which trees receive

comes from many different sources

and distances. The model presented

here divides these sources into self

pollen, pollen from immediate neigh-

bors, pollen from slightly more dis-

tant neighbors, and background pol-

len. Data were brought together

from the literature in an attempt to

get a picture of pollen source as

related to seed orchard trees, and

also to determine what additional

information might be most useful in

testing the model.

Of course, the model was quite

simplified. The real situation is

expected to be much more complex.

Nevertheless, in determining what

would be the most valuable addition-

al information, two observations

seemed to be of primary importance.

First, except for large depositions

9



of background pollen, the tree itself

and its immediate neighbors appear

to contribute the majority of pollen

which the tree receives. Second,

the interception of pollen by inter-

vening ranks of trees appears to be

a very influential factor in local pol-

len movement. Its importance is

now largely unknown.

With these two observations in

mind, it appears that estimates of

self-pollen contribution and pollen

contribution from the neighboring two,

or better three, ranks of trees would

be most important for developing a

picture of the pollen distribution in

a seed orchard.
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The mission of the PACIFIC NORTHWEST FOREST
AND RANGE EXPERIMENT STATION is to provide the

knowledge, technology, and alternatives for present and

future protection, management, and use of forest, range, and

related environments.

Within this overall mission, the Station conducts and

stimulates research to facilitate and to accelerate progress

toward the following goals:

1. Providing safe and efficient technology for inventory,

protection, and use of resources.

2. Development and evaluation of alternative methods

and levels of resource management.

3. Achievement of optimum sustained resource produc-

tivity consistent with maintaining a high quality forest

environment.

The area of research encompasses Oregon, Washington,

Alaska, and, in some cases, California, Hawaii, the Western

States, and the Nation. Results of the research will be made
available promptly. Project headquarters are at:

Fairbanks, Alaska Portland, Oregon

Juneau, Alaska Olympia, Washington
Bend, Oregon Seattle, Washington
Corvallis, Oregon Wenatchee, Washington
La Grande, Oregon


